
MAT 409 
Test #3 Name _________________  
60 points 
Impact on Course Grade: approximately 10% Score ________________ 

Solve each problem based on the information provided. It is not necessary to complete every 
calculation. That is, your responses may contain combinatorial notation (factorials, exponents, 
combinations, permutations). Include explanations as needed. 
 
You are to work alone on this test. You may not use anyone else's work nor may you refer to any other 
materials as you complete the test. You may ask me questions. You may use a calculator, but no other 
technology tools. You may not make internet connections, search the web, or use any sort of mental 
telepathy. 
 
Evaluation Criteria 
Each of questions 1 through 6 is worth 10 points. Some questions have more than one part. For each 
question and each part, a point assignment is indicated. 
 
Some questions require explanation and some do not. Read carefully and ask me if you need help in 
determining whether an explanation is required. 
 
For questions requiring explanation: 

• Approximately 60% of the points revolve around a correct solution to the problem. I will 
evaluate the mathematics you use: 
o Is it accurate and appropriate? 
o Have you provided adequate justification? 

• Approximately 40% of the points count toward how you express your solution. I will evaluate 
how you communicate your results: 
o Is your solution clear and complete? 
o Have you expressed logical connections among components of your solution? 

 
The BONUS! is worth 10 points, including 6 points for (A) and 4 pts for (B). 

  



 

1. Write the correct answer on the blank provided. No explanation or justification required. (10 pts total) 
 

(a) Determine the value M that satisfies the equation ! 22,8 = ! ⋅ !(22,8). (2 pts) 
  ______________  
 

(b) Consider the word DERMATOGLYPHICS†. (2 pts each) 
 

(i) Determine the number of unique arrangements for the letters in this word. ___________ 
  

 
(ii) Suppose all the vowels in this word are kept together and all the consonants are kept 

together. How many unique arrangements of the letters are there under these conditions? 
Consider the letter Y a vowel in this word.  ______________  

 
 

(c) Define the combinatorics term derangement. In so doing, state a 4-element set of your choice 
and then show two different derangements of the elements in your set. 
 
(i) Definition of derangement: (2 pts) 

 
 
 
 
 

(ii) Your 4-element set: (1 pt)  _____________________  
 
 
 
 

(iii) Two derangements of your set: (1 pt)  ______________________________  
  

                                                
†	  (from	  ancient	  Greek	  derma	  =	  "skin",	  glyph	  =	  "carving")	  is	  the	  scientific	  study	  of	  fingerprints	  and	  can	  be	  traced	  back	  to	  1892	  when	  one	  of	  the	  most	  
original	  biologists	  of	  his	  time,	  Sir	  Francis	  Galton,	  a	  cousin	  of	  Charles	  Darwin,	  published	  his	  now	  classic	  work	  on	  fingerprints.	  

 



 

2. 
 
(a) In a survey of the chewing-gum tastes for a group of college softball players, it was found that: 
  22 liked juicy fruit 
  25 liked spearmint 
  39 liked bubble gum 
  9 liked both spearmint and juicy fruit 
  17 liked juicy fruit and bubble gum 
  20 liked spearmint and bubble gum 
  6 liked all three flavors 
  4 liked none of these flavors 
 
 How many softball players were surveyed? (4 pts)  ______________  
 
 
 
(b) Here is information about three sets, A, B, and C, all of which are subsets of a set U. 
  Set A has 14 members [N(A) = 14]. 
  Set B contains 10 members [N(B) = 10]. 
  Sets A, B, and C contain 24 members in all [N(A ∪ B ∪ C) = 24]. 
  Six (6) elements are in both A and B [N(A ∩ B) = 6]. 
 Knowing these facts, consider the following assertions: 

(i) Set C contains at most 24 members [N(A) ≤ 24]. 
(ii) Set C has at least 6 members [N(C) ≥ 6]. 
(iii) Sets A and B together have exactly 18 members [N(A ∪ B) = 18]. 

 
Classify each of these three statements as TRUE or FALSE. For each response, briefly explain 
how you determined that. (2 pts each) 

  
(i) TRUE FALSE (circle one) Explain: 

 
 
 
 
 
 

(ii) TRUE FALSE (circle one) Explain: 
 
 
 
 
 
 

(iii) TRUE FALSE (circle one) Explain: 
 
 



 

3. Francisco has a collection of 10 pennies, 15 nickels, 20 dimes, and 25 quarters. 
 

(a) Suppose each coin’s mint date and denomination distinguishes it from all other coins. 
 

(i) How many ways can the pennies and nickels be arranged in a single line? (2 pts) _____ 
  

 
(ii) From his collection, Francisco selects 10 of his nickels and 10 of his dimes. He arranges 

these in a single line so the 20 coins alternate in denomination. Determine the number 
of ways that this selection and arrangement can occur. (2 pts) 

  ______________  
 
 

(b) Now suppose that a coin's denomination is its only distinguishing property. How many ways 
can Francisco’s entire collection of coins be arranged in one line? (2 pts) 
 
  ______________  
 
 

(c) Francisco mixes his coins and grabs 10 of them. How many different collections of pennies, 
nickels, dimes, and quarters could he have assembled: (2 pts each) 
 

(i) if he has at least one of each type of coin?  ______________  
 

(ii) if there’s no assurance that each type of coin is present among the 10? 
  ______________  



 

4.  
(a) A recurrence relation is defined by an = 2an-1 – 3an-2, a0 = 2, a1 = 5. Compute and label terms 

a2 through a6 for this recurrence relation. (3 pts) 
 
  _____________________________________________________________________  
 
 

(b) Write a recursive representation for the sequence of values 3,19,51,115,243,…, assuming the 
pattern continues. (3 pts) 
  ____________________  
 
 
 

(c) Use the method of finite differences to determine an explicit representation for the relationship 
h(x) shown in the table below. Show all steps leading to your solution and clearly indicate the 
explicit representation you have determined. Use the general polynomial difference tables 
provided. (4 pts) 

  __________________  
 

x 1 2 3 4 5 6 
h(x) 4 23 86 247 584 1199 

 
 
  



 

5. A French pastry shop on the lower east side in Manhattan has an unlimited supply of cheese Danish 
pastries but only three apple Danish pastries and only nine raspberry Danish pastries. The raspberry 
Danish must be purchased three at a time. 

(a) Write a generating function for the number of ways to buy r pastries under these conditions. (4 pts) 

 

 

Here is a portion of that generating function when it is expanded for r < 13. 

1+ 2x +3x2 +5x3 +6x4 +7x5 +9x6 +10x7 +11x8 +13x9 +14x10 +15x11 +16x12  

(b) Describe how this expansion can be used to answer the question, “How many ways are there 
to buy r pastries under these conditions?” (3 pts) 

 

 

 

(c) Use the expansion shown above to determine the number of ways to buy 6 pastries. (3 pts) 

  ______________  
  



 

6.  
(a) Thirty (30) different people are standing in a single line to get half-price tickets to a Broadway 
show. Ian and Beth-Ann are two of the people in line, and there are exactly 6 people between Ian and 
Beth-Ann. In how many distinct ways can such a line-up occur? (5 pts) 
 
  ______________  
 
 
 
 
 
 
 
 
(b) Generalize your solution to (a) if Ian and Beth-Ann are among n different people standing in line 
for tickets, with exactly d people between Ian and Beth-Ann. With your generalization, include an 
inequality statement to describe how n and d are related (i.e., an inequality that shows the restriction on 
n in terms of d). (5 pts) 

 
  __________________________  
  



 

BONUS! Provide complete and appropriate evidence to support your responses. 

(A) In a mathematics contest, three problems, A, B, and C, were posed. Among the participants there 
were 25 who solved at least one problem. Of all the participants who did not solve problem A, the 
number who solved problem B was twice the number who solved C. The number who solved only 
problem A was one more than the number who solved A and at least one other problem. Of all 
participants who solved just one problem, half did not solve problem A. How many participants solved 
just problem B? (6 pts) 

(B) A company with the trade name CONGRATS! has a website display with the symbols 
of its name "CONGRATS!" splashed across the top of its welcome page. 

CONGRATS! 
A solid color is used for each symbol in the name, but the colors may be repeated. On one 
particular day, for example, the colors of the symbols might be blue, red, green, orange, 
black, violet, blue, red, and red, respectively. The company wishes to use a different color 
scheme for the CONGRATS! name on the website for each of the days in the 100 years that 
comprise the 21st century. 
 
Determine the minimum number of different colors that are required for this task. (4 pts)  


